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Structure elucidationAbstract Amomum subulatum Roxb (Zingiberaceae) is a perennial herb which is cultivated in Sik-
kim and neighbouring areas. Its fruits are used to treat abdominal disorders, vomiting, problems of
throat, liver and lungs and rectal disease. Phytochemical investigation of the methanolic extracts of
the fruits led to the isolation of three new chemical constituents characterized as n-hexatriacont-
16,18-diene, 3-methoxybenzyl octadec-90,120,150-trienoate, and 1,4-naphthoquinone-2-olyl-b-D-
arabinopyranosyl-20-(200,600,1000,1400-tetramethylhexadecane)-100-oate along with a glyceride identiﬁed
as glyceryl-1-linoleate-2,3-dioleate. The structure of all these phytoconstituents has been established
on the basis of spectral data analysis.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Amomum subulatum Roxb (Zingiberaceae), commonly known
as large cardamom, is a perennial herbaceous plant with subter-
ranean rhizomes which produces several leafy shoots and pan-
icles. It is a native to Sikkim and from there it is spread to
neighbouring areas like Darjeeling, Assam, Bhutan and Nepal.
India is the largest producer of large cardamom (Berrig et al.,
1993). Sikkim state of India alone contributes 50% of theworld’s production of large cardamom (Sharma et al., 2000,
2002). The fruit is a trilocular many-seeded capsule. It contains
1.95–3.23% of essential oil (Gupta, 1986) having a typical
characteristic ﬂavour and possesses stimulant, stomachic, alexi-
pharmic and astringent effects (Anonymous, 1999, 2004, 2006).
The fruits are prescribed to treat indigestion, vomiting, bilious-
ness, abdominal pains, rectal diseases, throat troubles, conges-
tion of the lungs, inﬂammation of the eyelids, digestive
disorders, pulmonary tuberculosis, loss of appetite, gastric
troubles, and liver complaints (Nadkarni, 1976; Jafri et al.,
2001; Verma et al., 2010). Due to its pleasant aroma, it has been
used as an essential ingredient in mixed spices for ﬂavouring
vegetables, many food preparations, confectionary, pickles, li-
quor and beverages. The seeds are ofﬁcial as a drug in the
Ayurvedic Pharmacopoeia. The seeds are reported to contain
cardamonin, alpinetin (Rao et al.) and the glycosides viz., petu-
nidin 3,5-diglucoside, leucocyanidin-3--b-D-glucopyranoside
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(3,4-dihydroxyphenyl)hepta-4E,6E-dien-3-one, protocatechuic
acid, and 2,3,7-trihydroxy-5-(3,4-dihydroxy-E-styryl)-6,7,8,9-
tetrahydro-5H-benzocycloheptene. The major constituent of
large cardamom essential oil is 1,8-cineole (65–80%) while
the content of terpenyl acetate is low (traces to 5%). The mono-
terpene hydrocarbon content is in the range of 5–17% of which
limonene, sabinene, and the pinenes are signiﬁcant compo-
nents. The terpineols comprise approximately 5–7% of the
oil. The high cineole and low terpenyl acetate probably account
for the very harsh aroma of this spice in comparison with that
of true cardamom. This paper describes isolation of one each of
aliphatic alkadiene, benzyl linolenate and naphthoquinonyl
glycosidic phytoate as the new phytoconstituents from the
fruits of A. subulatum.
2. Materials and methods
2.1. General
Melting points were determined on a thermoelectrically heated
Perﬁt melting point apparatus (Ambala, India) and are uncor-
rected. IR spectra were recorded using KBr pellets, with a Jas-
co FT/IR-5000 Spectrometer (FTS 135, Hongkong). UV
spectra were measured with a Lambda Bio 20 Spectrophotom-
eter (Perkin Elmer, Schwerzenbach, Switzerland) in methanol.
1H and 13C NMR spectra were recorded using Bruker ARX-
400 NMR Spectrometer (Rheinstetten, Germany), in CDCl3
and with TMS as internal standard. The chemical shifts were
measured in d values (ppm). FAB Mass spectra were obtained
using a JEOL-JMS-DX 303 Spectrometer (Peabody, MA,
USA). Column chromatography was performed on silica gel
(Qualigens, Mumbai, India), 60–120 mesh. TLC was run on
silica gel G (Qualigens). Spots were visualized by exposure to
iodine vapours, UV radiation and by spraying with ceric sul-
phate solution.2.2. Plant material
The fruits of A. subulatum were collected from the local market
of Sikkim and identiﬁed by Prof. M.P. Sharma Department of
Botany, Jamia Hamdard, New Delhi-110062. A specimen No.
PRL/JH/11/02 is deposited in the herbarium of the Depart-
ment of Pharmacognosy and Phytochemistry, Faculty of Phar-
macy, Jamia Hamdard, New Delhi.
2.3. Extraction and isolation
The fruits of A. subulatum (1 kg) were dried at 45 C for
5 days, coarsely powdered and exhaustively extracted with
methanol in a Soxhlet apparatus. The methanolic extract was
concentrated on a steam bath and dried under reduced pres-
sure to get 116 g (11.6% yield) of viscous brown syrupy mass.
It was dissolved in a minimum amount of methanol and ad-
sorbed on silica gel (60–120 mesh) for preparation of slurry.
The slurry was dried in air and chromatographed over silica
gel column packed in petroleum ether. The column was eluted
successively with petroleum ether, petroleum ether–chloroform
in the ratio of 9:1, 3:1, 1:1 and 1:3 v/v, chloroform, chloro-
form–methanol in the ratio of 99:1, 98:2, 95:5, 9:1, 3:1, 1:1
and 1:3 v/v and methanol to isolate the following compounds:2.3.1. Hexatriacontadiene (1)
Elution of the column with petroleum ether gave a colourless
waxy mass of 1, puriﬁed by preparative TLC; 450 mg
(0.45% yield). Rf: 0.83 (petroleum ether) IR kmax (KBr):
2923, 2854, 1646, 1459, 1375, 907, 721 cm1. 1H NMR
(CDCl3): d 5.82 (1H, m, H-17), 5.36 (1H, m, H-18), 4.97
(1H, m, H-16), 4.92 (1H, m, H-19), 2.05 (2H, m, H2-15),
2.01 (2H, m, H2-20), 1.69 (2H, m, CH2), 1.61 (2H, m, CH2),
1.26 (52H, brs, 26 · CH2), 0.90 (3H, t, J= 6.8 Hz, Me-1),
0.84 (3H, t, J= 7.2 Hz, Me-36). 13C NMR (CDCl3): d
139.25 (C-17), 129.90 (C-18), 123.68 (C-16), 114.07 (C-19),
49.91 (CH2), 45.92 (CH2), 41.97 (CH2), 41.18 (CH2), 37.12
(CH2), 36.91 (CH2), 33.84 (CH2), 32.78 (CH2), 32.47 (CH2),
31.95 (CH2), 31.81 (CH2), 30.20 (CH2), 30.07 (CH2), 29.79
(CH2), 29.73 (CH2), 29.09 (CH2), 29.64 (CH2), 29.59 (CH2),
29.54 (CH2), 29.39 (CH2), 29.34 (CH2), 29.18 (CH2), 29.01
(CH2), 28.98 (CH2), 27.23 (CH2), 27.11 (CH2), 26.81 (CH2),
26.74 (CH2), 22.71 (CH2), 14.12 (Me-1, Me -36). +ve ESI
MS m/z (rel. int.): 502 [M]+ (C36H70) (22.6), 291 (41.8), 239
(63.1).
2.3.2. Dioleo-linolein (2)
Elution of the column with petroleum ether–chloroform (3:1)
afforded a golden yellow oily mass of 2, 2.2 g (2.2% yield).
Rf: 0.97 (petroleum ether–chloroform, (3:1), +ve ESI MS m/
z (rel. int.): 882 [M]+ (C57H102O6) (2.5).
2.3.3. Methoxy benzyl linolenate (3)
Elution of the column with petroleum ether–chloroform (1:1)
yielded a yellow oil mass of 3, 2.8 g (2.8% yield). Rf: 0.8 (petro-
leum ether–chloroform, 1:1) UV kmax (MeOH): 253 nm (log
2.6) IR kmax (KBr): 2925, 2856, 1734, 1642, 1454, 1372,
1257, 910, 810 cm1. 1H NMR (CDCl3): d 7.29 (1H, d,
J= 1.6 Hz, H-2), 7.07 (1H, m, H-4), 6.61 (1H, m, H-5), 5.85
(1H, m, H-6), 5.77 (1H, m, H-120), 5.35 (3H, m, H-100, H-
130, H-150), 5.01 (1H, m, H-90), 4.91 (1H, m, H-160), 4.26
(2H, brs, H2-7), 3.63 (3H, brs, OMe), 2.75 (2H, t,
J= 6.8 Hz, H2-2
0), 2.73 (2H. m, H2-110), 2.31 (2H, m,
H2-14
0), 2.04 (2H, m, H2-80), 2.02 (2H, m, H2-170), 1.63 (2H,
m, CH2), 1.29 (8H, brs, 4 · CH2), 0.86 (3H, t, J= 7.2 Hz,
Me-180). 13C NMR (CDCl3): d 174.33 (C-10), 152.01 (C-3),
142.71 (C-1), 139.18 (C-2), 135.18 (C-4), 131.94 (C-5), 130.25
(C-6), 129.75 (C-90), 128.28 (C-100), 127.93 (C-120), 124.14
(C-130), 124.01 (C-150), 115.02 (C-160), 63.15 (C-7), 51.43
(OMe), 34.74 (CH2), 34.25 (CH2), 31.94 (CH2), 31.79 (CH2),
29.71 (CH2), 29.53 (CH2), 29.47 (CH2), 29.37 (CH2), 27.23
(CH2), 22.58 (CH2), 14.12 (Me-18
0). +ve ESI MS m/z (rel.
int.): 398 [M]+ (C26H38O3) (4.1).
2.3.4. Lawsonyl arabinosyl phytoate (4)
Elution of the column with chloroform–methanol (19:1) yielded
red coloured crystals of 4, puriﬁed by preparative TLC, 550 mg
(0.55% yield), Rf: 0.71 (chloroform–methanol, 19:1); IR
kmax(KBr): 3395, 3282, 2926, 2841, 1725, 1690, 1513, 1445,
1371, 1198, 1061, 906 cm1. 1H NMR (CDCl3): d 7.23 (1H, brs,
H-3), 6.99 (1H, d d, J= 10.2, 2.5 Hz, H-5), 6.93 (1H, d d,
J= 7.2, 2.1 Hz, H-8), 6.85 (1H, m, H-6), 6.74 (1H, m, H-7),
4.94 (1H, d, J= 9.6 Hz, H-10), 4.40 (1H, m, H-20), 4.38 (2H, m,
H-50), 3.93 (1H, m, H-30), 3.70 (1H, m, H-40), 2.75 (1H, m, H-
200), 2.65 (2H, m, H2-300), 2.33 (1H, m, H-600), 2.18 (1H, m, H-
1000), 2.05 (1H, m, H-1400), 1.73 (2H, m, H2-400), 1.59 (2H, m,
H2-5
00), 1.43 (2H, m, H2-700), 1.26 (8H, brs, 4 · CH2), 1.22 (2H,
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00), 1.10 (2H,m,CH2), 0.88 (3H, d, J= 6.9 Hz,Me-1700),
0.85 (3H, d, J= 6.6 Hz, Me-1800), 0.83 (3H, d, J= 7.8 Hz,
Me-1900), 0.81 (3H, d, J= 6.1 Hz, Me-2000), 0.68 (3H, t,
J= 6.3 Hz, Me-1600). 13C NMR (CDCl3): d 199.66 (C-1),
157.14 (C-2), 144.70 (C-3), 190.86 (C-4), 133.65 (C-5), 118.32
(C-6), 142.27 (C-7), 120.92 (C-8), 148.37 (C-9), 138.16 (C-10),
101.52 (C-10), 79.57 (C-20), 77.29 (C-30), 75.97 (C-40), 71.88
(C-50), 173.14 (C-100), 55.89 (C-200), 52.17 (C-300), 32.76 (C-400),
29.32 (C-500), 33.81 (C-600), 29.54 (C-700), 29.40 (C-800), 29.06
(C-900), 32.15 (C-1000), 28.48 (C-1100), 27.45 (C-1200), 25.11 (C-
1300), 31.18 (C-1400), 23.11 (C-1500), 13.35 (C-1600), 22.92 (C-1700),
21.96 (C-1800), 21.32 (C-1900), 19.57 (C-2000). +ve ESI MS m/z
(rel. int.): 600 [M]+ (C35H52O8) (5.6), 295 (11.2), 173 (60.8), 148
(57.3).
3. Result and discussion
Compound 1,
19 117 161836
CH3(CH2)16CH=CH-CH=CH-(CH2)14CH3
hexatriacontadiene, was obtained as a colourless waxy mass
from petroleum ether eluent. Its IR spectrum showed absorp-
tion bands for unsaturation (1646 cm1) and long aliphatic
chain (721 cm1). Its mass spectrum displayed a molecular
ion peak at m/z 502 corresponding to a diunsaturated alkene,
C36H70. The ion peaks generating at m/z 239 [CH3 (CH2)16]
+
and 291 [CH2(CH2)16CH‚CH–CH‚CH]
+ indicated the
presence of vinylic linkages at C-16 and C-18. The 1H NMR
spectrum of 1 showed four one-proton multiplets at d 5.82,
5.36, 4.97 and 4.92 assigned to vinylic H-17, H-18, H-16 and
H-19, respectively. The methylene protons appeared as multi-
plets at d 2.05 (2H), 2.01 (2H), 1.69 (2H) and 1.61 (2H) and as
a broad singlet at d 1.26 (52H). Two three-proton triplets at d
0.90 (J= 6.8 Hz) and 0.84 (3H) were ascribed to primary C-2
and C-36 methyl protons, respectively. The 13C NMR spec-
trum of 1 exhibited signals for vinylic carbons from d 139.25
to 114.07, methylene carbons between d 49.91 and 22.71 and
methyl carbons at d 14.12 (C-1, C-36). The absence of any sig-
nal from d 4.92 to 2.05 in the 1H NMR spectrum and between
d 114.07 and 49.91 in the 13C NMR spectrum ruled out the
existence of any carbinol carbon in the molecule. Based on1
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named methoxy benzyl linolenate, was obtained as a yellow
oily mass from petroleum ether-chloroform (1:1) eluent. Its
IR spectrum showed absorption bands for the ester group
(1734 cm1) and unsaturation (1642 cm1). On the basis of
mass and 13C NMR spectral data the molecular ion peak
of 3 was determined at m/z 398 consistent with the molecular
formula of an aromatic ester, C26H38O3. The
1H NMR spec-
trum of 3 displayed a one-proton doublet at d 7.29
(J= 1.6 Hz) assigned to meta-coupled H-2 protons. Other
aromatic protons appeared as one-proton multiplets at d
7.07 (H-4), 6.61 (H-5) and 5.85 (H-6), vinylic protons be-
tween d 5.77 and 4.91, a two-proton board singlet at d 4.26
ascribed to oxygenated methylene H2-7 protons, a three-
proton broad singlet at d 3.63 accounted to methoxy protons,
methylene protons between d 2.75 and 1.29 and a three-
proton triplet at d 0.86 (J= 7.2 Hz) attributed to C-180 pri-
mary methyl protons. The 13C NMR spectrum of 3 exhibited
signals for ester carbon at d 174.33 (C-10), aromatic carbons
in the range of d 152.01–130.25, vinylic carbons from d
129.75 to 115.02, oxygenated methylene carbon at d 63.15
(C-7), methoxy carbon at d 51.43, methylene carbons from
d 34.74 to 22.58 and methyl carbon at d 14.12 (C-180). On
the basis of these results the structure of 3 has been eluci-
dated as 3-methoxybenzyl octadec-90,120,150-trienoate. This
is a new aromatic alcohol ester.
Compound 4,lawsonyl arabinosyl phytoate was obtained as a red coloured
mass from chloroform–methanol (95:5) eluents. It gave
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hydroxyl groups (3395, 3282 cm1), ester function
(1725 cm1), carbonyl groups (1690 cm1) and aromatic ring
(1513, 906 cm1). On the basis of mass and 13C NMR spectra,
the molecular ion peak of 4 was established at m/z 600 corre-
sponding to a molecular formula of naphthoquinonyl glyco-
side ester, C35H52O8. The ion peaks arising at m/z 173 [C2-O
ﬁssion, C10H5O2]
+, 148 [C5H8O5]
+ and 295 [C10-O ﬁssion,
C20H39O]
+ indicated that lawsone-type naphthoquinone was
attached to a C5 sugar unit esteriﬁed with a diterpenic acid.
The 1H NMR spectrum of 4 showed a one-proton broad sin-
glet at d 7.23, two one-proton double doublets at d 6.99
(J= 10.2, 2.5 Hz) and 6.93 (J= 7.2, 2.1 Hz) and two one-pro-
ton multiplets at d 6.85 and 6.74 assigned to aromatic H-3, H-
5, H-8, H-6 and H-7 protons, respectively. A one-proton dou-
blet at d 4.94 (J= 9.6 Hz) was ascribed to anomeric H-10 pro-
ton. Other sugar protons appeared as multiplets at d 4.40, 4.38,
3.93 and 3.70. Four three-proton doublets at d 0.88
(J= 6.9 Hz), 0.85 (J= 6.6 Hz), 0.83 (J= 7.8 Hz) and 0.81
(J= 6.1 Hz) and a three-proton triplet at d 0.68 (J=
6.3 Hz) were attributed to secondary C-1700, C-1800, C-1900
and C-2000 and primary C-1600 methyl protons, respectively.
The remaining methine and methylene protons appeared from
d 2.75 to 1.10. The 13C NMR spectrum of 4 exhibited signals
for carbonyl carbons at d 199.66 (C-1) and 190.86 (C-4), ester
carbon at d 173.14 (C-100), anomeric carbon at d 101.52 (C-10),
other sugar carbons between d 79.57 and 71.88, aromatic car-
bons from d 157.14 to 118.32, and diterpenic carbons in the
range of d 55.89–13.35. The presence of sugar C-20 proton in
the deshielded region at d 4.40 in the 1H NMR spectrum
and C-20 carbon at d 79.57 in the 13C NMR spectrum sug-
gested the attachment of the diterpenic moiety at C-20. On
the basis of spectral data analysis the structure of 4 has beenelucidated as 1,4-naphthoquinone-2-olyl-b-D-arabinopyrano-
syl-20-(200,600,1000,1400-tetramethylhexadecane)-100-oate. This is a
new lawsone glycoside.References
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